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An Approach to Integrating Learning and Engagement
Strategies (LESs) into CS Class Activities

Abstract

The recent surge in Computer Science (CS), Information Technology (IT) and Software Engineer-
ing (SE) majors at universities across the nation has resulted in a number of challenges, including
mitigating students’ lack of preparedness for these programs. To overcome some of these chal-
lenges it is imperative that CS/IT/SE instructors make use of evidence-based pedagogical tech-
niques that improve student learning and engagement in the classroom, e.g., active learning. In
this paper we present a model that uses learning and engagement strategies (LESs) to improve stu-
dent learning in face-to-face (F2F) classes with the support of a cyberlearning environment. These
LESs include collaborative learning, gamification, problem-based learning and social interaction.
SEP-CyLE (Software Engineering and Programming Cyberlearning Environment) contains vetted
learning content in the form of learning objects and tutorials, and can be configured to use various
combinations of LESs. We describe how LESs are integrated into the F2F and online activities of
a software testing class. The results of a study we conducted that integrates LESs into the F2F ac-
tivities of a software testing class show the potential positive impact such a pedagogical approach
can have on CS/IT/SE classes.

1 Introduction

Due to the ubiquitous nature of computing in the 21st century, there is a great demand for a work-
force that is knowledgeable in the areas of Computer Science (CS), Information technology (IT)
and Software Engineering (SE). This fact is reflected in the large number of jobs expected in
CS/IT/SE in the coming years. As a result, there has been a dramatic increase in the number of
students enrolling in CS/IT/SE programs across the nation [1]. This increase in enrollment has
several challenges associated with it, including: classroom space, sufficient faculty/instructors and
demand for lab space, among others [1]. One challenge that still needs further investigation is
the declining student performance possibly due to the large number of students entering programs
who may not be well prepared to undertake courses in CS/IT/SE. This specific challenge is further
compounded by the fact that most academic institutions are being rewarded based on performance
metrics such as 4-year graduation rates.

To overcome the challenge related to a potential decline in student performance, it is imperative
that CS/IT/SE instructors make use of those evidence-based pedagogical approaches that improve
student learning in the classroom. Several of these approaches have started to filter into CS/IT/SE
education, including active learning [2] which includes problem-based learning [3] and collabo-
rative learning [4], gamification [5], and social interaction [6], among others. Although there has
been some use of these approaches in the CS/IT/SE classroom, little research has been done on
how combinations of these approaches impact student learning and engagement. We refer to col-
laborative learning, gamification, problem-based learning and social interaction as learning and
engagement strategies (LESs).



In this paper, we present a model that is intended to motivate research into improving student
learning by integrating combinations of LESs into face-to-face (F2F) and online learning activi-
ties. During the past four years the authors of this paper have been involved in using LESs in a
cyberlearning environment to determine the impact on student learning in CS/IT/SE courses. This
cyberlearning environment, initially known as WReSTT - Web-based Repository of Software Test-
ing Tutorials (now SEP-CyLE - Software Engineering and Programming Cyberlearning Environ-
ment [7]), has shown that using LESs in a cyberlearning environment can improve student learning
in the practical aspects of software testing [8, 9]. Unlike previous works by the authors, this paper
presents their experiences of using LESs in the F2F activities of a software testing class.

The main contributions of this work are as follows:

• A proposed model that can be used by instructors and researchers to determine which com-
binations of LESs and the context of how LESs are used in F2F and online activities can best
improve student learning and engagement.

• A description of how LESs may be used in a CS class, specifically a software testing class.

• Initial results showing the impact of using LESs in F2F class activities.

The remainder of the paper is organized as follows. Section 2 provides a literature review on LESs
and how they are used in software engineering classes. Section 3 describes the pedagogical model
that uses LESs in the classroom. Section 4 describes our study that uses LESs in the classroom
and we conclude in Section 5.

2 Literature Review

In this section we provide a literature review of learning and engagement strategies (LESs) and
how LESs have been used in software engineering classes. There are many evidence-based peda-
gogical techniques that have been used to improve student learning in engineering and computer
science education [2, 10]. In this work, we focus on the following LESs: collaborative learning,
gamification, problem-based learning and social interaction. It should be noted that these LESs
do not form a disjointed set of pedagogical techniques, however we attempt to identify differences
between these techniques by describing how they are used in a software testing class, see Section
3.4.

2.1 Learning and Engagement Strategies (LESs)

Collaborative learning is where two or more people work in groups mutually searching for under-
standing, solutions, or meanings, or creating a product [11]. Smith et al. [11] state that there is a
wide variation in the collaborative learning activities, but they must be centered on the students’ ex-
ploration or application of the material. Collaborative learning promotes several education goals,
including: involvement - students participate more in their learning, interact with other students
and interact with the teachers; cooperation and teamwork - students recognize different views and
work together to build consensus to resolve these differences; and civic responsibility - encourages
students to have a voice in shaping the ideas and values [11].

Gamification uses game design elements and game mechanics to improve user experience and
engagement with a system [12], which can be applied to an educational context [5]. Importantly,



gamification is not about adding “games” to a system. It is about taking elements commonly
implemented in games that humans find fun and enjoyable, and applying those to other domains
in a manner that promotes peoples motivation for engaging in desired behaviors and increasing
engagement. Common game design elements include: goals/challenges, rapid feedback, leader
boards, a points system and levels, among others [5].

Problem-based learning (PBL) is an approach to learning and instruction in which students tackle
problems in small groups under the supervision of a tutor [13]. The problems are presented as a set
of events (significant or otherwise) that are associated with reality. These events are analyzed and
discussed by the group in term of the fundamental principles, mechanisms and processes. PBL has
the potential to significantly increase student performance in the classroom by: (a) activating prior
knowledge; (b) elaborating on prior knowledge through discussion; (c) restructuring of knowledge;
(d) learning in context; and (e) engaging in open-ended discussion thereby increasing the student’s
curiosity [13].

Social Interaction is an approach that enhances knowledge acquisition through social activities,
such as students establishing meaningful dialogue within student groups and with teachers [6]. In-
teracting with other people helps a learner to organize their thoughts, improve their understanding
by reflection and identify gaps in their reasoning [14]. There are several variants of social interac-
tion and learning, including peer learning, reciprocal teaching, learning by teaching and learning
by observation, among others [14]. The impact of social interaction on learning can be examined
using various collaborative learning approaches.

2.2 Related Work

Cattaneo [2] classifies five active learning pedagogies using constructivist elements through the-
oretical and practical lenses, thereby providing researchers and practitioners with a useful tool to
compare these pedagogies. Although we focus on PBL in our work there are other active learning
pedagogies that can also be used in place of PBL. Gehringer [4] presents a survey of dozens of
active and collaborative learning strategies (ACL) that have been used in programming. The paper
describes how different specific learning activities incorporate LESs, although the term LESs is
not used, into teaching programming.

Liccardi et al. [15] investigated the role of social networks in computer science education. It was
found that social interaction within an online framework can help university students share experi-
ences and collaborate on relevant topics. As such, social networks can act as a pedagogical agent,
for example, with problem-based learning. Junhua [16] performs a study in software engineering
classes that compares lecture-homework-project teaching approaches to peer-to-peer active learn-
ing when combined with design-based learning approaches. Although both approaches show that
student do show improved performance, the peer-to-peer active learning and design-based learning
approach received much greater interest, engagement, and intrinsic motivation. Dicheva et al. [5]
present a survey of published empirical results on the applications of gamification in education.
The authors further stated that although most of the papers surveyed showed promising results
there is still more research needed to determine the impact on student learning.

Clarke et al. [9] describe how WReSTT (Web-Based Repository of Software Testing Tutorials)
is used to supplement the learning materials in a software testing class. The study presented by



Clarke et al. spanned 3 semesters and the results showed that students found WReSTT to be a
useful resource for learning about software testing techniques and testing tools. The version of
WReSTT used in the study included collaborative learning, gamification and social interaction.
The study presented in [9] was conducted during Fall 2011, Fall 2012, and Fall 2013, around the
same time LESs were being integrated into the F2F activities of the software testing class.

The work presented in this section shows how different LESs may be used in software engineering
classes to improve student learning. Our work differs from these works by proposing a model that
can be used to integrate LESs into F2F and online class activities, and evaluate which combina-
tion(s) of LESs can be most effective on improving student learning.

3 Pedagogical Approach using LESs

In this section we present our proposed LES integration model (LESIM), a brief overview of SEP-
CyLE, and a description of how LESs are integrated into the F2F and online activities of a software
testing class. Preliminary results obtained by comparing the midterm exam scores prior to using
LESs and while using LESs in the classroom are also presented.

3.1 LES Integration Model (LESIM)

Conceptually LESIM is used to improve student learning based on the model shown in Figure
1. The top of the figure shows the pedagogical approaches (LESs and traditional approach) that
are integrated into F2F and online class activities, and the F2F and online learning content. The
traditional approach mainly involves lecture style teaching and completing online assignments (no
LESs used). By combining the LESs and traditional approaches to learning in different ways we
can maximize student learning and engagement, and possibly tailor this combination to different
types of learners. The model presented in Figure 1 is motivated by three components used in
cognitive load theory [17, 18], which are intrinsic load - the content being learned, extraneous load
- the load which interferes with the learning process, and germane load - concerned with schema
development. In general, it is desirable to mitigate extraneous load [19] so that more opportunity
for schema construction (germane load) is possible. Note that although our model currently shows
only 4 LESs, we expect that this number will increase over time as more pedagogical approaches
are integrated.

The main objective of the proposed model is through research find the values of a, b, c, d, e, q, r, s,
and t in the equations F2FA (aCL + bGA + cPBL + dSI + eLS) and OA(qCL + rGA + sPBL + tSI)
that maximizes student learning and engagement. Where F2FA and OA are the face-to-face and
online activities respectively. CL - collaborative learning, GA - gamification, PBL - problem-based
learning and SI - social interaction are the LESs, and LS - lecture style the traditional approach.
You may think of a, b, c, d, e, q, r, s, and t as the percentage of the respective pedagogical approach
being used. For F2F classes these variables could represent class time. It is expected that along
with the percentages there will be a context in which the LESs are used. For example, CL in the
context of F2F activities (F2FA) will most probably be different to the CL in the context of the
online activities (OA), see Section 3.4 for additional details.

Basing our model in the context of cognitive load theory [17, 18] our objective is to improve a
student’s implicit knowledge on a topic, to this end using a LES in the wrong context can do more
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Figure 1: LES integration model (LESIM).

harm than good. For example, when using GA in a class activity that entails a complex game with
many players and levels (extraneous load), students may gain little or no knowledge (germane
load) after the game is over. On the other side, to improve student learning some LESs may need
to be used in concert with each other. For example, when students solve problems in small groups
the LESs involved are usually CL, PBL and SI. It should be noted that the LES integration model
shown in Figure 1 is extensible and adaptable.

3.2 Cyberlearning Environment

The authors of this paper are a part of a larger study investigating the impact of using different
combinations of LESs in a cyberlearning environment (SEP-CyLE - Software Engineering and
Programming Cyberlearning Environment) [7]. SEP-CyLE provides students and instructors with
vetted digital learning content and uses various embedded LESs to support pedagogy. The learning
content is provided in the form of Digital Learning Objects (DLOs) [20] on various Software
Engineering and Programming (SEP) topics, and tutorials for several SEP tools. DLOs are 5 to 10-
minute chunks of critical learning content and have a practice assessment and a graded assessment.
Unlike the DLOs the tutorials do not have an assessment component.

In SEP-CyLE the embedded LESs are implemented as follows: CL - uses virtual teams to collab-
orate to complete online assignments, posting comments on the work of other teams and sharing
information that is helpful to the entire class via the class forum. GA - uses virtual points, a leader
board, and the allocations of points based on various activities, such as completing assignments
and posting to a forum, among others. SI - includes the use of user profiles, message forums, and
posting comments on learning content, among others. Note that the LESs in the context of the
online activities are slightly different from the F2F activities. We are still in the process of inte-
grating the PBL which will involve solving problems using a virtual problem-based environment.



SEP-CyLE is an instance of STEM-CyLEa and is the updated version of WReSTT (Web-based
Repository of Software Testing Tutorials) [7].

3.3 Software Testing Course

The undergraduate software testing class at Florida International University (FIU), CEN4072 Fun-
damentals of Software Testing, is offered during the fall, spring and summer semesters. The catalog
description of the courses includes: test plan creation, test case generation, program inspections,
black-box testing, white-box testing, GUI testing, and the use of testing tools. The prerequisite for
CEN4072 is the data structures course. The grading policy for the course is based on 2 midterm
exams (25 % each), a group project (25%), attendance and class participation (5%) and a final
exam (20%). The course is structured as a lecture section with no lab component, and students are
expected to work on the project outside of class on their own time, with some in class question ses-
sions. The textbook currently used in the course is “Foundations of Software Testing”’ by Mathur
[21]. Other reading material includes class notes and tutorials on testing tools.

The topics covered in the CEN4072 course are centered around black-box and white-box testing
techniques [21]. The black-box testing techniques, sometimes referred to as specification-based
testing techniques, presented in the course include equivalence partition, boundary-value analysis,
and state-based testing. The white-box techniques, sometimes referred to as implementation-based
testing techniques, include control flow coverage (statement, branch, multiple condition, and basis
path) and data flow coverage (all definitions, all uses, and all definition-use paths). The objective of
the course project is to provide students with the experience of analyzing and validating software,
writing test cases, creating test documents, and working in teams. The software to be tested during
the project is a software application written by a previous software engineering class (undergrad-
uate or graduate). For additional details on the software testing course the interested reader can
peruse Clarke et al. [9].

3.4 Integrating LESs in a Software Testing Class

In this section we describe how LESs are integrated into the CEN4072 class in both the F2F
activities and the online activities using SEP-CyLE. The CEN4072 class is taught in an active
learning classroom which contains 5 whiteboards and a wireless connection to the instructor’s
projector.

(1) F2F Activities: The LESs used in the F2F activities are implemented using the following
approach:

• Collaborative Learning (CL) - occurs both at the class level and at the project team level.
At the class level, students present solutions and answer questions during a class session
that may benefit the entire class, e.g., how to run a software testing tool. In addition, class
project presentations are considered collaborative learning at the class level. The team level
involves team members solving problems in class using the whiteboards and working on the
class project (note that in general for this type of class activity the class time spent on CL is
split with PBL and and SI). The students are required to keep a diary of all team meetings
related to the class project. In addition, the students in a project team are required to rotate

ahttps://stem-cyle.cis.fiu.edu/



the managerial roles (team leader, minute taker and time keeper) of the project between
themselves for the two phases of the project.

• Gamification (GA) - during the lectures students are awarded midterm exam points both
individually and at the team level if they answer questions correctly posed by the instructor.
For example, a student may be rewarded with one midterm point if they can correctly define
the term software testing. Each team member may be awarded with one midterm point if the
team can collectively draw a correct flow graph for a method. If a student finds an error with
the solution presented by another team, that student gets a point and the team gets no points.
Note there is a maximum of 10 midterm points a student can use towards each midterm, and
each student in the class is provided an opportunity to answer a question for points.

• Problem-based Learning (PBL) - involves students working in their teams to solve problems
as in-class activities (see CL and GA above), or working on the project in class which is
complex enough to mimic the type of project they will encounter in industry (usually open-
ended, e.g., when to stop testing the system).

• Social Interaction (SI) - students interact socially in class by working on the problems pro-
vided by the instructor as in-class activities, and conducting short team meetings in class.
During the in-class activities all students are required to evaluate the correctness of the solu-
tions placed on the whiteboards by a team (see GA above). Note that although the correction
of solutions on the whiteboards does involve CL and PBL it tends to be more of a SI activity,
since there is more interaction between the other students in the class and the instructor.

Since there are three exams in the course, students are given the opportunity to earn midterm points
before each of the exams. If a student earns more than 10 midterm points the extra points (number
of point beyond the limit of 10) are not carried forward to the next exam.

(2) Online Activities: The online activities are centered on using the features in SEP-CyLE and
involve some combination of the LESs: CL, GA and SI. As mentioned in Section 3.2 we are
working to integrate virtual problem-based environments into SEP-CyLE for PBL. These LESs
are implemented using the following approach:

• CL - students are placed in virtual teams (usually same as the F2F project teams) and are re-
quired to complete digital learning objects (DLOs) or tutorials individually, but are rewarded
as a team (see GA below). Students may also post learning content in SEP-CyLE or other
learning management system that benefit the entire class.

• GA - students are rewarded with virtual points based on the completion of various learning
activities (DLOs or tutorials) both individually and as a team (assuming CL is enabled).
Below is an example of how points may be awarded:

– Each student receives: 10 points if she/he completes a DLO and scores 70% or above
on the graded assessment quiz; 2 points for writing on the discussion board, and 1 point
for uploading a picture.

– Each member of a team receives: 5 points if all members of the team scores 70% or
higher on a DLO; 10 bonus points for the first team to complete a DLO with all team
members scoring 70% or higher; 5 bonus points for the second team; and 3 bonus
points for the third team.



Table 1: Student data including mean scores and standard deviation (M (SD)) on Midterm Exams
1 (MT1) and 2 (MT2), and extra points earned toward midterm exams.

Group IDs Class N
Student Grades (%) Extra Points
MT1* MT2* MT1+ MT2+

M (SD) M (SD) M (SD) M (SD)
Control (MinLESs) CEN4072 - FA18 20 80.5 (7.7) 73.0 (10.6) 3.3 (1.8) 2.3 (1.7)
Treatment (LESs) CEN4072 - SP18 19 78.8 (11.0) 76.1 (13.0) 3.4 (3.7) 5.2 (3.6)

MT1* and MT2* do not include the extra points earned during the class activities.
MT1+ extra points earned before MT1, and MT2+ extra points earned between MT1 and MT2.

– There is a leader board showing the top 5 students in the class and each student can see
their progress on each assigned DLO and tutorial. We recommend using the anonymized
option in SEP-CyLE to mask the student names if the virtual points will count towards
the course grade.

• SI - students post learning content that help other students in the class, rate and comment on
the contents of a DLO and tutorial, and upload a picture. We are still working on a rating
system to automatically determine how valuable a post is to the class.

4 Experimental Study

The main objective of our study is to determine if increasing the use of LESs in the F2F activities
of the software testing class improves student learning as reflected in the student grades obtained
in the midterm exams. In this section, we present the research method used, the results, and a
discussion of the results.

4.1 Method
Sample: Students from two (2) CEN4072 Fundamentals of Software Testing classes participated in
the study, see the three leftmost columns of Table 1. The control group included 20 students in the
CEN4072 Fall 2018 class who were minimally exposed to LESs between MT1 and MT2 in F2F
class activities, see Row 2 in Table 1 with entry Control (MinLESs) in Column 1. The treatment
group included 19 students in the CEN4072 Spring 2018 class who were fully exposed to LESs
between MT1 and MT2 (LESs), see Row 3 in Table 1 with entry Treatment (LESs) in Column
1.

Data Collection: The data collected includes the scores on the midterm exams (MTs) and the extra
points awarded in the class before each MT, see Table 1. The columns in the table are as follows:
Column 1 shows the groups, control (MinLESs) and treatment (LESs); Column 2 the classes using
the pedagogical approach (MinLESs or LESs); Column 3 the total enrollments for the classes in
each group; Columns 4 and 5 the average grades for each group’s midterm exam (MT1 and MT2),
prior to adding the extra points; and the Columns 6 and 7 the extra points earned before MT1, and
between MT1 and MT2, respectively.

The MT grades shown in Table 1 do not include the points students received during the in-class
F2F activities. The points earned by the students were recorded manually by the instructor and
added to the MTs after the exam. Over the semesters listed in Table 1, MT1 and MT2 assess the



Table 2: Approximate class times (in minutes) and percentages dedicated to each LES for the class
interval between MT1 and MT2. The total class time for this interval was 750 minutes.

Pedagogical Approach
Control (MinLESs) Treatment (LESs)

Time (mins.) Percentage Time (mins.) Percentage

Lecture Style (LS) 380 51% 165 22%
Collaborative Learning (CL) 185 25% 235 31%
Gamification (GA) 60 7% 90 12%
Problem-based Learning (PBL) 50 7% 180 24%
Social Interaction (SI) 75 10% 80 11%

students’ knowledge on different topics in the CEN4072 course, however across semesters MT1
assesses similar software testing topics, similarly for MT2. For example, the first question on MT1
is always to define various software testing terms, e.g., definition of software testing. The structure
of MT2 is as follows: Q1 - define several terms; Q2 - draw a diagram to show the testing process
for the project or explain additional terms; Q3 - draw a flow graph for a method, identify test inputs
for different code coverage criteria; Q4 - identify definition-use pairs for variables in the method
in Q3; and Q5 - strong and weak mutation testing. For this study the MT2s in Fall 2018 and Spring
2018 were identical. Data was also collected in SEP-CyLE [7], however that data is not used in
this study.

Design: We use a quasi-experimental posttest-only design [22] to determine the impact of using
MinLESs versus full LESs in the software testing class. The posttest measures used in the study are
the grades of the MT2 exam. Although there is no pretest used in this type of design, we include
the scores of MT1 to gauge the abilities of the students in the two software testing class groups at
the start of the study.

The intervention in the study is the exposure of the students in the treatment group to higher
percentages of LESs and a lower percentage of the traditional lecture style approach when teaching
a class. Table 2 shows the approximate class times and percentages dedicated to each LES and
the traditional lecture style during the study. The study was conducted during the interval of the
semester after MT1 and before MT2 that consisted of 750 minutes total meeting time. These
class times in the table were computed based on the number of slides presented during class and
the lesson plan for each class. Examples of the class times for Week 7 (first week of the study)
for the control and treatment groups are as follows: Control, Lecture Style (LS) - 100(67%),
Collaborative Learning (CL) - 15(10%), Gamification (GA) - 15(10%), Problem-based learning
(PBL) - 10(6.5%), and Social Interaction (SI) - 10(6.5%); and Treatment, LS - 60(40%), CL -
20(13%), GA - 30(20%), PBL - 30(20%), and SI - 10(7%). While the control group remained
relatively constant with respect to class times for LESs and Lecture Style during the study, in
Week 11 (last week of the study) the times for the treatment group were as follows: LS - 10(6.5%),
CL - 35(23%), GA - 20(13%), PBL - 65(43.5%), and SI - 20(14%) (this was the MT2 review class
session).

The LESs are defined in Section 2.1 and a description of how they are integrated in the class
activities is in Section 3.4. The description of the integration of LESs into class activities do
involve some overlap, e.g., students working on solving problems in class and working on the



class project can be considered as CL, PBL and SI. In the event where there is a significant overlap
of LESs we allocate equal class time to each of the LESs in Table 2. The main differences between
the control group and the treatment group are as follows.

1. The number of problems students work on as part of the in-class activities. These problems
include both problems that focus on the basic concepts of software testing and those related
to the class project. In the treatment group students collaboratively work on these problems
thereby increasing the class time for CL, PBL and SI. While in the control group the prob-
lems are worked on by the instructor using the traditional lecture style approach thereby
maintaining a high percentage of class time for LS.

2. The interval between MT1 and MT2 includes the project’s first presentation which consists
mainly of CL and SI. Without the first presentation the percentages of class time dedicated
to the LESs and traditional lecture style would be: Control group, LS - 63%, CL - 11%, GA
- 10%, PBL - 8%, and SI - 8%; and for the Treatment group, LS - 28%, CL - 19%, GA -
15%, PBL - 30%, and SI - 8%, as compared to the values shown in Table 2.

Based on the results of a preliminary study conducted in prior semesters, students in the control
group (MinLESs) were given an extra credit question providing them with an opportunity to gain
extra MT points. These extra points were used to make up for any points the students may have
lost due to the pedagogical approach used (MinLESs). As previously stated both the control and
treatment groups were exposed to SEP-CyLE which impacted the online activities in the classes.
These online activities were exactly the same and included the assignment of 10 DLOs and 3
Tutorials during the course of the semester. The LESs used in SEP-CyLE were GA and SI, CL
was turned off. Since the conditions for using SEP-CyLE were the same in both groups we do not
expect that using LESs in online class activities impacted the results of the study.

4.2 Results and Analysis

Table 1 shows a summary of the data collected including: the group ids, classes participating in the
study, the number of participants in each group (N), the mean and standard deviation (M(SD)) of
the student scores for the two midterms (MT1* and MT2*), and the mean and standard deviation
for extra points awarded in class. The results in Table 1 show that in both groups the scores on
MT2 were lower than MT1. Note that the midterm exams (MT1 and MT2) were two different
exams that are testing two completely different sets of topics. Therefore we cannot used the scores
in MT1 and MT2 to measure knowledge gain, hence the posttest only design. The MT1s for both
groups were equivalent at the question level (the questions on each test were matched to test the
same concepts and course content) with the exception of one area (See Section 4.3, Threats to
Validity). The MT2s were exactly the same.

The initial view of the results would tend to support the possibility that the decrease in LS (Lecture
Style) class time and increase in the use of other LESs (see Table 2), given the context in Section
3.4, improves student learning based on the MT2 scores only. The table also shows that the in-class
points earned by the students in both groups before MT1 are about the same, and the points earned
between MT1 and MT2 is more for the treatment group (5.2) than the control group (2.3). This is
expected due to the reduced opportunity of students in the control group to earn extra points.

A more in-depth statistical analysis was conducted and the results are as follows. To determine the



statistical test to be performed on the MT2 scores we conducted a Shapiro-Wilk test for normality,
and it was found that the MT2 scores are not normally distributed. To determine if the MT2
score between the control and treatment groups were statistically significant we conducted Mann-
Whitney U test. The MT2 scores of the control (MinLESs) group (Mdn = 76.0) did not differ
significantly from the treatment (LESs) group (Mdn = 80.0) where U = 234, z = 1.24, p = 0.224, r
= 0.20. Note that the mean ranks for the treatment group is 22.32 and for the control group is 17.70,
which also suggests that the treatment group performed better than the control group, although the
difference was not significant. A statistical analysis of the MT1 scores prior to administering the
treatment was performed to see if there was a statistically significant difference between the 2
groups. Unlike the MT2 test scores, the MT1 scores were normally distributed so we computed
one way ANOVA. The results were F(1,37) = 0.301, p>0.05, which did not indicate a significant
difference between the groups.

4.3 Discussion

The main objective of our study was to investigate the impact on learning gains by increasing the
use of LESs in F2F class activities in a software testing class. Specifically, we wanted to determine
whether this approach would improve student learning as reflected in the grades students obtained
on the second midterm exam (MT2). Our results indicate that the addition of LESs in F2F activities
can potentially positively impact student learning gains as reflected by the MT2 scores shown in
Table 1 in the column labeled MT2. This assertion is further supported by the fact that students
in the control group did better on the MT1 exam, possibly hinting that they may have slightly
more ability than those in the treatment group. However, the change shown in the mean scores
for MT2 was not significant and would infer that additional studies with larger sample sizes are
needed. This assumption is based on the statistical analysis conducted on the data collected in a
preliminary study that motivated this study. We do not present the preliminary study results due to
the fact that there was a four year difference between the data collection of the control group and
that of the treatment group. During this 4-year period additional external software testing resources
became available to students and would be a threat to validity of the study.

Although the results of this study do not show a statistically significant effect on student learning,
it appears that the more F2F class time spent engaging in LES activities, the greater the impact on
student learning based on the data in Table 2. Whereas the MinLESs group engaged in a mainly
traditional lecture style approach for 51% of the time, the experimental LESs group increasingly
engaged in the other pedagogical approaches and less in the traditional lecture style (22%). If
the results of our study were significant, using the the proposed model in Figure 1, the integration
approach described in Section 3.4 (F2F Activities) and the percentages in Table 2, we would be able
to infer that in the software testing class at FIU using the LESIM with the form F2FA(0.31CL +
0.12GA + 0.24PBL + 0.11SI + 0.22LS) has a greater effect on student learning than
F2FA(0.25CL + 0.07GA + 0.07PBL + 0.10SI + 0.51LS).

Since the results in our study are not conclusive we plan to conduct additional studies to investigate
how increasing LESs may impact both student learning and engagement. In our subsequent studies
we will increase LESs systematically to different levels in order to determine the parameters of the
LESIM that will most increase student learning. We hope that researchers will use the proposed
LESIM, along with an integration approach (see Section 3.4), to identify the parameters for LESIM



that improves student learning and engagement in both F2F and online class activities.

Threats to Validity. Threats that may have influenced the results of the study are as follows. The
MT1 exams for the two groups were slightly different. A review of the MT1 exams for the two
classes differed only in one definition, and the problem domain for a question to draw a state
machine and identify test cases from the state machine. Students in both classes were exposed
to online activities during the period of the study, the online activities were very similar for both
groups thereby reducing this threat. These online activities included the assignment of exactly
the same DLOs, tutorials and online LESs using SEP-CyLE. One aspect of the study that needs
refinement is using a technique that can more accurately capture the class time dedicated to LESs
for the class activities, currently the percentages given are fairly close estimates. Another aspect
of the study that needs additional refinement is the allocation of class time to LESs.

5 Conclusion and Future Work

In this paper we propose a model for integrating learning and engagement strategies (LESs) into
face-to-face (F2F) and online class activities, with the expectation of improving student learn-
ing and engagement. These LESs include collaborative learning, gamification, problem-based
learning and social interaction. The online class activities are supported by a cyberlearning envi-
ronment (SEP-CyLE) that provides vetted learning content using embedded LESs. We report on a
preliminary study that shows increasing LESs in F2F class activities and reducing the traditional
lecture style time can potentially improve student learning. In the future we plan to conduct ad-
ditional studies with larger sample sizes to show our results are significant with respect to student
learning and engagement, and investigate how best to integrate LESs into F2F and online class
activities.
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